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POLIMORFISMO 



La presenza nella popolazione di due o più varianti 
(alleli, fenotipi, varianti di sequenza, varianti di 
struttura cromosomica) con frequenze significative. 



Un locus e' considerato polimorfico se presenta almeno 
due alleli dei quali il più raro ha una frequenza maggiore 
dell' r/o , tale che la frequenza di eterozigoti per tale 
allele e' maggiore del 2% . 



Mutazione = variazione della sequenza nucleotidica 
rispetto ad una sequenza di riferimento 

- Effetti evolutivi = neutra, vantaggiosa, 
svantaggiosa 

- Patologica = determina insorgenza di una malattia 



• Polimorfismo = mutazione con frequenza >\% nella 
popolazione 



POLIMORFISMI NOTI 



Gruppi sanguigni 



20 loci 



1910-1960 



Proteine dei siero 



30 loci 



1960-1975 



Tipi tissutali HLA 



1 locus (aplotipo) 
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RFLP del DNA 
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VNTR del DNA 
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SNP del DNA 
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RFLP 

^^^^^^^^^^^^^^^^^^^ 

Restriction Fragment Length Polymorphism 
Polimorfismo di lunghezza dei frammenti di restrizione 

RSP 

Restriction Site Polymorphism 
Polimorfismo per il sito di restrizione 

> Gli Glieli differiscono per lo presenza o assenza di un 
sito riconosciuto da una specifica endonucleasi di 
restrizione 

- Polimorfismi biallelici 

- Ereditarietà mendeliana 

- (Southern blotting) 
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SNP 

Single Nucleotide Polymorphism 

Polimorfismo di sequenza di un singolo nucleotide 



> G\\ alleli differiscono per la differenza di un solo 
nucleotide 

Polimorfismi biallelici 

Ereditarietà mendeliana 

Possono essere riconosciuti da una endonucleasi di 

restrizione oppure no 

Tipizzati in grande scala con sistemi automatizzati 

(microarray o chip) 



SNP non riconosciuti da enzimi di restrizione 



Sequenza 1 ..tttt. C 



PCR + elettroforesi su 4 individu 
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Ibridazione con sonde oligonucleotidiche allele specifiche 
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Roche Molecular Systems (Alameda, CA) 



Microarray 
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Polimorfismi del DNA mitocondriole 



Localizzazione 

Anso D (regione non codificante genoma 
mt), elevata variabilità di sequenza 




Utilità 

> studi antropologici ed evolutivi risalire alle origini 

e parentele def 
genoma umano 

> identificazione individuale nonne materne di bimbi 

orfani (genitori scomparsi 
durante la dittatura militare 
in Argentina) 



Variable Number 
Numero variabile d 



> Gii alleli differiscono 
ripetute in tandem 



MINISA TELLITI 

Unità ripetuta: 20bp^centinaia bp 
Dimensione alleli: poche centinaia 
Localizzazione subtelomerica 
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' of Tandem Repeat 
i ripetizioni in tandem 



per il n° variabile delle unità 

- Ereditarietà nìendeliana 

- Molti alleli 

- Elevata eterozigosità 

MICRO SA TELLITI 

SSLP simple sequence length polym 
I SSR single/simple sequence repeat 
I STR short tandem repeat 



Unità ripetuta: 2-4 bp 
Dimensione alleli: 70-400 bp 
Ben distribuiti nel genoma 
Tri- e tetra-nucleotidici 
Multiplexing / automazione 
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Southern blot 
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Come vengono ereditate le VNTR? 

Secondo le modalità delle leggi di MENDEL 
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Analisi di VNTR mediante S.B. e PCR 
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I ^ y Gene dello mioglobino 



Quattro ripetizioni in tandem 



CTAAAGCTGGAGGTGGGCAGGAAGGACCGAGGT Ripetizione di 33 bp 
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Figura 27.17 

I loci delle ripetizioni in tandem in 
( VNTR, variablc mmòer tandem rcpeat ) . ( 
presente in un introne del gene della inio| 
sto di 4 ripetizioni di una sequenza di 
centrale della sctiuenza è indicata in ^ 
variabilità nel numero di loci VNTR p 
diversità che è sufficiente per identificare i 
Mediante una sonda ipervariabile, sono st: 
due a otto ripetizioni in tandem in tre le 



Meccanismi causo dei Polimorfismi 



Mutazioni puntiformi ^ RFLP classico, SNP 



Inserzione 
/ delezione 



VNTR 



Crossing-over ineguali 

0 

Scambi tra cromatidi fratelli 




Slittamento di un filamento 
durante la replicazione del 
DNA con appaiament o errato 



MICROSA TELLm 



ùuplicazione 



RFLP 



Sito restrizione 
2 alidi 

(Solo 
E. mende liana 

S.B. 
PCR 



SNP VNTR 



un nucleotide n** ripetizioni tandem 



2 alleli molti alleli 

1 

2 alleli per individuo) 
E. mendeliana E. mendeliana 



RDB - RLB S.B. 
seq. automatici PCR 
microchip seq. automatici 



Genoma umano 
3 X 10' bp 



Genoma nucleare 
3.095 Mb 



DNA mitocondriale 
1 6.600 bp 
37 geni 



DNA a sequenza 
unica -46% 



DNA ripetitivo 
intersperso =45% 



DNA ripetitivo 
in tandem 
(DNA satellite) «9% 



*Questi valori sono da considerarsi stime molto approssimative. 



Esoni di geni codificanti per 
proteine (=22.000-25.000 geni) 



1,20/0 



Regioni 5' e 3' non tradotte di geni 0,8% 



sequenze introniche 



Pseudogeni ± processati (=20.000?) 



Sequenze extra- o intergeniche 



=25% 
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= 13% 



Sequenze extrageniche conservate 



RNA transfer (tRNA) 



LINE - Long INterspersed 
Elements 



SINE - Short INterspersed 
Elements (Alu, MIR) 



Retroelementi LTR - Retrovirus 
endogeni (± completi), LTR solitari 
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FIGURA 1,11 - Struttura del genoma umano. Il genoma nucleare è stato ripartito nelle tre componenti principali a seconda 
del numero di copie presenti (a sequenza unica, ripetitivo intersperso, ripetitivo in tandem). 
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Tabella 1.1 11 genoma umano* 



Cromosoma 


Lughezza 


Geni codificanti 
proieine 


Densità 
^geni/iviDy 


Geni codificanti 

DMA 


SNPs 


1 


247.199.719 


2.368 


9.6 


457 


791.897 


2 


242.751.149 


1.511 


6.2 


273 


758.029 


3 


199.446.827 


1.208 


6.1 


240 


635.618 


4 


191.263.063 


900 


4.7 


186 


654.646 


5 


180.837866 


1.007 


5.6 


205 


568.721 


6 


170.896.992 


1.202 


7.0 


197 


640.584 


7 


158.821.424 


1.104 


7.0 


204 


546.282 


8 


146.274.826 


813 


5.6 


152 


487008 


9 


140.273.252 


1.013 


7.2 


158 


497975 


10 


135.374.737 


901 


6.7 


147 


514.966 


11 


134.452.384 


1.467 


10.9 


209 


503.529 


12 


132.289.534 


1.161 


8.8 


205 


468.093 


13 


114.127.980 


397 


3.5 


104 


363.494 


14 


106.360.585 


744 


7.0 


202 


290.746 


15 


100.338.915 


752 


7.5 


245 


282.234 


16 


88.822.254 


987 


1 1.1 


113 


320.728 


17 


78.654.742 


1.321 


16.8 


184 


256.852 


18 


76.1 17153 


320 


4.2 


93 


267227 


19 


63.806.651 


1.525 


23.9 


124 


206.202 


20 


62.435.964 


651 


10.4 


106 


289.087 


21 


46.944.323 


297 


6.3 


32 


149.076 


22 


49.591.432 


578 


1 1.7 


64 


171.587 


X 


154.913.754 


986 


6.4 


213 


392.586 


Totale 


3.021.995.526 


23.213 


in 


4.113 


10.057.167 


Y 


57772.954 


115 


2.0 


24 


36.259 



* Il genoma umano è ripartito in 23 coppie di cromosomi, contenenti un numero variabile di geni. Accanto al numero di ciascun cromosoma è riportata 
la lunghezza in paia di basi (bp), il numero di geni codificanti proteine identificati su ciascuno di essi, la densità genica (numero di geni per megabase 
di sequenza), il numero di geni codificanti RNA non tradotti e il numero dei marcatori polimorfici per singolo nucleotide (SNP). 
I dati sono aggiornati al maggio 2006 e tratti dalla banca dati EnsEMBL (si veda il Box 12). 



Neri G, Genuardi M. Genetica umana e medica. Elsevier Masson, Milano, 2007 



POLIMORFISMO 

RFLP 

GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGAT^ 

ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCG^ 

CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACA^ 

GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCtGCA I I CcCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACAC 

ACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCT^ 

GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC 

Allele 1 




GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGC7CCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGC 

ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACC7GACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGA^^ 

CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACA^ 

GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCtGAA I I CcCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACAC 

ACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCT^ 

GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC 



Miele 2 



SNP 

accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacc^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^ 

acgtagggctctcgatatagctcgcgacacacacagatatatagcgctGccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatat^ 

tagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccct^ 

accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctga^^ 

gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagc 

Allele 1 



accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacct^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgaca^ 

acgtagggctctcgatatagctcgcgacacacacagatatatagcgctAccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatat^ 

tagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccct^ 

accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctga^^ 

gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagc 

Allele 2 



POLIMORFISMO 

VNTR - STR 

accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctga^^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgaca^ 

gacgtagggctctcgatatagctcgcgacacacacagatatatagcgct GATA GATAGATAGATAGATAGATAGATAcctgaaacagctccgacacagctcgcacac 

tcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgcgagacgta 
cacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgct 
cacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacct 

CTC 

Alide 1 



accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgct^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgaca^ 

gacgtagggctctcgatatagctcgcgacacacacagatatatagcgctGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAcctgaaacagctccgacacagctcgcacaccgctc 

gagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctc 

Alide 2 



accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgct^ 
gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 
atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 
cgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctga^ 

gacgtagggctctcgatatagctcgcgacacacacagatatatagcgctGATAGATAGATAGATAcctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^^ 
tatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgcgagacgtagggctctcgatatagctcgcgac^ 
tgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacag^ 
ctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagc^ 

Alide 3 



ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAG 

GCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATA 

CGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCT^ 



TAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATi^" 

GACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC 

AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC 

GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGC 

CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAG/ 

CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGC 

CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCC 

ATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACC 

TCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGAl 

GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAC 



A A A A . 



POLIMORFISMO 

CNV 

5% c/e/ genoma umano 



"GACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGC 
TCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC 
AACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA 
ACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACA 
TAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG 
TCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT 
CTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGAT 
GACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC 
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC 
GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGC 



GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACG i i mo<^ i mo<^ i i i <^omom<^o i mooo»^ i <^ i <^om i m i mo«^ i <^o«^om<^m<^mCACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGA 

cctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctag^^ 

ctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcg^ 

tgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacag^ 

ctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagc^ 

atatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgaccgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccc 

accgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^ 

gagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgat^ 

atagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccg^ 

cgagacctgacctgacacgtgctagctagctcctctcgagcgagao^tagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctc^ 

gacgtagggctctcgatatagctcgcgacacacacagatatatJSmctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctc 

agcgctccctgaaacagctccgacacagctcgcacaccgctcgagIctgacctgacacgtgctagctagctcctctcgagacgcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgc^ 

ccgctcgagacctgacctgacacgtgctagctagctcctctcgag-iigtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgct 

agacgtagggctctcgatatagctcgcgacacacacagatataséJmctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcga 

tagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagct 

gagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^ 

agggctctcgatatagctcgcgacacacacagatatatagcgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^ 

cgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcg 

cgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacjratatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacct^ 

gctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatata 

cgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgc 

tagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgaga 

gacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagcgagacgtagggctct^^atagctcgcgacacacacagatata^^ 

acacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaac«:tccgacaca 

gctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgac^Ptgctagctagctcctctcga 

ctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctc^^atatagctcgc 

gacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctg/w&p^ 

agctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgt^ 

acacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgc^ 

gctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgtagggctctcgatatagctcgcgacacacacagatatata 

gctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagac 

tagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgta^ 

cacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgc^ 

cgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacct^ 

ctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcg^^ 

gatatatagcggacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagatagctagctcctctcgagacgtagggctctcgatatagctcgcgac 

ccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgtagggctctcgatatagctcgc^ 

ccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgac^ 

cctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagaccttagctagctcctctcgaga 

cgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatata 

cgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgatatagctcgcgacacacacagatata 

cgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgc 

cgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatat^ 

tatagcgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgat^ 

atatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccc^ 

cgctcgagaccttagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatattatagctcgcgacacacacagatatatagcgtagggctctcgatatagctcgcgacacacacagatatatagc 

agctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgaga 

ctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagaccttagctagctcctctcgagacgtagggctctcgatata 

agcgctccctgaaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgagacgttatagctcgcgacacacacagatatatagcgtagggctctcgatatagctcgcgac^ 

aaacagctccgacacagctcgcacaccgctcgagacctgacctgacacgtgctagctagctcctctcgacgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagc^ 

cctgacacgtgctagctagctcctctcgagacgtagggctctcgatatagctcgcgacacacacagatatatagcgctccctgaaacagctccgacacagctcgcacaccgctcgagaccttagctagctcctctcgagacgtagggctctc^^ 
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CNV = Copy Number Variation 

- Del, ins, dupl: 

>lkb - parecchie Mb 

- - 10.000 

Db of Genomic Variants 

- - 5% genoma umano 

- - 2900 geni 




CNV copy # = 1 CNV copy # = 3 

(relative "loss") (relative "gain") 
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toCharcot-Marle- 

Toothdlseasetvpe lA 



(19S9- 1996) M IcrosatelUtes 
bec ame the gold-standa rd 
DM^. nrtìrksrs-forgenetic 
stud les^-"- and thou sa n^-is- o f 
mlci^jsatellrte markerswere 
u^ed to create Unkage mapsof 
aUhunrtìn chr : nrto^onne^"~^'. 



The HapM ape onàortlum 
gerpiit^'ped 1 iifìlUJon single S^IPi^' 




ZJ0CX4 



Identification that a 
large subset of^NR 
are paral :goui 
sequencevariants 
(PSViiand detìne 
reg ions of stmctural 
varia bili tv". 




interrogatlon of 
genomi c variabilità' by 
arra\= hybridliation 
methcids demonstrated 
theeslstenceof ccp\' 
numbervari ants 



Redonet al" 
Identlfied 1.447 cop^' 
numbervarlabie 
regione ^ìff^ving thac 
atleast 12%ofthe 
human .^ìnììe 
contai nsCN^'?. 
















APPLICAZIONI bEI POLIMORFISMI ÙEL ÒNA 















MARCA TORI 


GENETICI 





Analisi di linkage 



❖ Identificare geni - malattia (DMD, HD, CF - diagnosi portatore) 
<^ Mappaggio sia genetico sia fisico 

ordinam. geni chr det. distanza f\s\c(x tra geni 



IDENTIFICA TORI INDIVIDUALITÀ " 

❖ Controllo relazioni parentali 
in fam. con m. mendeliane 

<^ Genetica di popolazione 

Indagini di paternità sangue periferico, ossa, saliva, capelli 
^♦^ Indagini criminal istiche Tracce biologiche (sangue, capelli, sperma, saliva, ossa) 

❖ Controllo chimerismo Sangue periferico, midollare 

❖ Mola idatiforme Sangue periferico, tessuto mola 



Indagine di paternitò 




Indagini di paternità 



Eruppi sanguigni 

^ABO, Rh. Duffy. Kidd. Lutheran, etc. 

Polimorfismi sierici 

^Hp, 6c. Ti. Pi, Bf, etc. 

Polimorfismi enzimatici erifrocitari 

^6PT. PSAA, Est). AK. etc. 



IWr/? minisatelliti 

>^yNH24, D17S5 (yNZ22). 
^D1S80 (MCT118). etc. 
microsatelliti 

^D4S424. DyS19, D5S500, etc. 



Attribuzione di paternità 

> 2 pP: PI e P2 

> > n** di bande condivise 
tra P e F 




Indagine di paternità 

VNTR D1S80 




1/1 



2/3 



1/3 




1/2/3 



Esclusione di paternità 



Indagine di paternità 

VNTR APOB 




Esclusione di paternità 



Indagine di paternità 

STR D5S500 



20/Sep/96 15: 19: 10 

C: \AMDATA\BETTY\B290896.ALF 



Auto-Scaled Data o Base Fair 



Pharmacia DNA "ragitient Manager Vl.l 



Page 1 



I>5S500 




C + P 



I I I I I I I I I I I i I I I 

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 



Attribuzione di paternità 



Indagine di paternità 

VNTR HUMFES/FPS 

20/Sep/96 14:47:47 Pharmacia DNA Fragment Manager Vl.l ^ Page 1 

C: \AMOATA\BETTY\130996 . ALF 



Auto-Scaled Data a Base Pair | 




T i I 1 1 1 1 r 

140 150 160 170 180 190 200 210 



Esclusione di paternità 



MZ 

A A (b B C C 



DNA Fingerprintlng 
su coppie di gemelli 



Una sonda di DNA che 
identifica numerosi 
polimorfismi VNTR dispersi 
in numerose regioni del 

genoma 





Comparazione dei 
prof ili 6\ DNA In una 
\r\dag\r\e giudiziaria 



Sonda multi -locus 
DNA f ingerprinting 





DNA Fingerprintìng 

(A) Indagine paternità 

(B) Indagine criminalistica 




CHIMERISMO NEI TRAPIANTI DI MIDOLLO OSSEO 



Donatore 



Ricevente 



Trapiantato 





Ricevewvé 






chimerismo 
completo 



Informatività di un polimorfismo VNTR 
per la determinazione del chimerismo dopo BMT 



BMT FOLLOW UP 
( PCR OF VNTR MCT118 ) 




2/4 2/4 2/4 3/4 3/4 1/2 



1 



\__; 



Non informativo Informativo 



MIXED CHIMERISM 

( PCR OF VNTR 




1/2 1/^(3 



AFTER BMT 
MCT118 ) 



R 



1 

2 
3 



2/3 



MOLA IDATIFORME (HM) 



Oisomia uniparentale (i chr. derivano da 1 unico genitore) 

Cariotipo apparentemente normale (46, XX) 



M 



F 



H M M H M F H M 



1 





V; 




ORIGINE PATERNA - omozigosi per tutti i loci 



Ipotesi: degenerazione pronucleo femm. dell'uovo fecondato 

Duplicazione del DNA del pronucleo maschile 



